The effect of hypoxaemia (mean Sp02 78%) on cognitive function was measured in two groups of twelve normal subjects. A series of psychometric tests was administered to each subject in the same sequence and consisted of the Reitan trail-making test, a digit symbol substitution test, a visuospatialorientation test and the simple unprepared reaction-time test. Psychomotor performance was assessed in a double-blind manner while the subjects were breathing first air and then either air or a hypoxic mixture.
Hypoxaemia is a common but usually unnoticed event occurring during the perioperative experience of many surgical patients.' Pulse oximetry shows that periods of oxyhaemoglobin desaturation (Sp02 < 85070) lasting many hours occurs in the postoperative period, especially during sleep and following the administration of opiate drugs. '.' Such nocturnal hypoxaemia may last more than four nights post operatively but the influence of this degree of hypoxaemia on clinical outcome is not known with certainty. "
There is some disagreement about the effects of hypoxaemia on cognitive function. Two studies failed to find neuro-behavioural impairment in high altitude mountain climbers. '.0 Other studies in similar subjects showed either transient deterioration in the ability to learn, remember and express information verbally-' or more prolonged impairment of finger tapping. 9 All these studies were carried out on subjects gradually acclimatising to extreme altitudes where there was severe hypoxaemia with oxygen saturation probably in the range 55-65%. There is less information about the neuro-behavioural effects of an acute, but more moderate, fall in oxygen saturation to within the 80-85 % range. Despite this, anaesthetists have con-*8.Sc .. F.R.CAnaes., COll>Ullant AnaeSlhcti>l, Grimsb\'. tF.R.C.P., F.A.N.Z.CA., Profe"or of Anacsthesia, Cambridge. tB.Sc., Lecturer in Psychology, Leeds.
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Accepted for publication October 20. 1992. siderable anxiety about the deleterious effects of hypoxaemia because of the well documented cases of brain damage or death following failure of oxygen supply during anaesthesia. However little work has been done on the effects of moderate hypoxaemia on cognitive function in patients following routine anaesthetic procedures. Most work in this field has been on the effects of simulated altitude on psychomotor performance '0,11 where inconsistent results have been obtained and no direct correlation with oxygen saturation was made.
In this study it was decided to investigate psychomotor performance and cognition using a battery of psychometric tests during moderate hypoxaemia in normal subjects. The level of hypoxaemia was chosen to simulate that commonly seen in postoperative patients.
SUBJECTS AND METHODS

Subjects and experimental design
Two groups of twelve fit, male subjects gave informed consent to participate in the study, the protocol having received ethical committee approval. Subjects were allocated on a randomised basis to one of two groups of twelve, one hypoxic group and one control group. Subjects in both groups underwent initial psychometric assessment whilst breathing air through a low-resistance anaesthetic circuit. After a rest period of fifteen minutes, subjects in the air-to-hypoxia group underwent a second psychometric assessment Anunfhe.slG and /I/{CIIS/\,(' Care, ~ 'of. 21, ,Vo. 2, April, 1993 while breathing a hypoxic mixture of oxygen in nitrogen titrated to a saturation of about 80070 as indicated by pulse oximetry. The control group, after a fifteenminute rest period breathing air, did a repeat psychometric testing battery again breathing air through the same breathing circuit. The subjects and the psychologist carrying out the evaluation were blind to the inspired oxygen concentration and to the oxygen saturation value. Each complete psychometric assessment took 25 minutes to complete and was preceded by a five-minute period breathing either air or hypoxic mixture. Subjects were not studied breathing air after a hypoxic mixture in a cross-over design in order to avoid any potential complicating "hangover" effects from the hypoxic period. However, subjects were informed that they could be breathing either an air or hypoxic mixture during each testing occasion.
Equipment and observations
Gas mixtures
The gas mixture was delivered through a conventional anaesthetic machine using either a compressed air source for the "air" studies (A) or by mixing nitrogen and oxygen to obtain the hypoxic mixture for the "hypoxia" studies (H). In the latter case, gases were obtained from compressed gas cylinders and delivered via rotameters on the Boyle's machine. Inspired oxygen concentration was monitored together with other physiological variables. Subjects were unable to see the anaesthetic machine which was situated behind them. Gases were administered by an anaesthetist who was in constant attendance (IN).
Circuit
The gas mixture was delivered to the subjects using a lightweight Magill circuit and a conventional facemask held by the subjects themselves. This served as an inbuilt safety mechanism in the event of subjects feeling any adverse effects. The efficacy of the seal could easily be established by the anaesthetist's observation of the reservoir bag and the mass spectrometer monitor screen and this did not prove to be a problem in practice.
Monitoring
For each subject, demographic data was recorded. The partial pressure of inspired oxygen (Pi02 and endtidal carbon dioxide (PE CO 2 ) were monitored using a mass spectrometer (Ohmeda 6000) with the probe inserted through the mask near the subject's lips. Percentage arterial oxygen saturation (Sp02) and pulse rate were measured using a pulse oximeter (Ohmeda Biox 3700) with a disposable probe taped to a finger. For the hypoxic performance assessments, the fresh gas mixture was adjusted to obtain an Sp02 of 80% in each of the subjects.
Pi02 and PE CO 2 were measured on a continuous basis throughout stabilisation and testing periods, as were pulse rate (PR), respiratory rate (RR) and Sp02. Alarms were muted during the hypoxic testing periods to prevent subject awareness of the nature of the gas mixture administered. Readings were monitored continuously and recorded by the anaesthetist who was present throughout the duration of study.
Psychometric assessment
The following psychometric battery was administered in the same sequence to subjects on each testing occasion:
Reitan Trail Making 'lest (RTMT)
Subjects are required to join numbers and then numbers and letters on a sheet of paper, 12 in sequence and as quickly as possible. Three test sheets were presented at each test but were the same on each testing occasion. Time to completion of the task was recorded.
Digit Symbol Substitution Test (DSST)
Subjects are required to substitute symbols for digits in a series of digits presented at random. 13 Correct scores were analysed.
Letter Rotation 'lest (LRT)
Subjects were presented with a sheet of paper on which appeared letters rotated about the vertical axis: I. some letters were mirror images of their normal alphabetical form. Subjects were asked to identify the mirror images as quickly as possible. Three separate sheets were presented at each session and subjects were time to completion, correct scores were also analysed. Test sheets were the same on each occasion.
Simple Unprepared Reaction Time (SURT)
Subjects were presented with a light source stimulus 15 at a pseudorandom interval of between one and ten seconds and asked to extinguish it as quickly as possible by pressing a micro switch. The light source in this test is actually the display of an electronic counter beginning at zero (000) and shows the elapsed time in milliseconds (msec). On pressing the switch the counter is stopped and the reaction time (time elapsed) is shown for 1.5 seconds before disappearing, the subject is thus informed of his performance in this otherwise monotonous task before the cycle is repeated. Around sixty such measurements are obtained in an average tenminute test, the results being recorded manually in this study, although facilities for electronic recording are available in the machine which is based on a domestic portable tape recorder. The advantages of the test are its sensitivity, reproducibility and minimal practice effects. IS Subjects were given a ten-minute practice session prior to commencement of the study.
Statistical analysis
Demographic data, SURT scores and within-group LRT and trailmaking changes were analysed using Student's t test. Other results were assessed using 2 x 2 analysis of variance (ANOYA) with repeated measures on one of the factors.
RESULTS
Demographic data
Both groups were statistically comparable in terms of age, weight and height. The mean age in one group was 31.6 years and in the other 31.5 years.
Physiological variables
Some differences were seen between groups in terms of their physiological responses to hypoxaemia (Table  I) . Mean levels of Fi02 and Sp02 are shown, being lower during the hypoxic phase of the group who were tested with a mean Fi02 of 10.1 070 and a mean Sp02 of 78070. The two groups were comparable during the initial test battery with respect to all variables. There was a statistically significant difference in PE 'C02 (P>0.02) between groups, the PE 'C02 being lower in the hypoxic subjects who also had a significantly higher pulse rate (PR) compared with the controls and their own initial values (P< 0.0l). Subjects in the control groups showed within-group improvement in performance in both test batteries. This did not attain significance in the numerical test, but was significant at the 1070 level for the numerical-letter test representing a learning effect. The performance of the hypoxia group showed a significant deterioration in both test batteries under conditions of hypoxaemia (P<O.OI).
Digit symbol substitution
Both groups (Table 3) showed an improvement in mean score (P< 0.05 combined) over baseline levels, that in the hypoxaemia group being smallest. The overall performance of the control group was also better (P < 0.05). Both these effects are probably due to learning. No significant effect due to hypoxaemia was evident. Correct scores (Table 4 ): Control group subjects showed an improvement in correct identification scores over baseline for all three test sheets, cumulatively: this improvement was significant at the 1070 level. Hypoxaemia group subjects showed no significant improvement in performance. However, no such difference in performance between groups was noted.
Time to completion. Completion time of the tasks
was significantly improved in the second test period for both groups (P<O.Ol). The control group performed better overall (P < 0.01) and also performance varied according to the list considered (P<O.OI). This is probably largely a practice effect, the initial scores in the A-H group being prolonged. Further, there was a list times test mode interaction (P< 0.01); this probably also represents a learning effect, performance generally improving in the second test. No conclusive evidence of impairment due to hypoxaemia is evident from this test. The apparently large differences in score deficit between the groups failed to reach statistical significance, probably due to differences in baseline scores seen between the groups which do not appear to be due to practice alone. ANOVA showed a significant difference in overall performance between groups (P<O.OOI). Differences in group performance with respect to list presented were also seen (P< 0.002). No significant differences between groups with respect to test mode were seen. No significant difference between group adverse effects due to hypoxaemia alone were demonstrated by this test. 
Reaction time test (SURT)
Both groups were comparable in their baseline values ( Table 5 ). Mean scores in the A-H group during hypoxaemia were significantly worse (P < 0.01) than controls. Subjects in the control group showed a mean deficit of 9.5 msec over baseline values, representing a small but not significant within-group practice effect. Hypoxia group subjects showed a deterioration in performance of 22.63 msecs over baseline values in the same test mode. This within-group change was significant (P<O.OI) and the between group score deficit was also significant (P < 0.02).
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DISCUSSION
There was a small adverse effect of hypoxaemia on psychometric performance in a group of subjects breathing a hypoxic mixture at normal atmospheric pressure. Significant impairments of psychomotor function were seen in time to completion of paper and pencil task (trail-making) and simple unprepared reaction time. The improvement in Reitan trail-making test, which was seen when repeated with air breathing, was not seen with hypoxaemia. In fact the performance was worse in the hypoxia run. The simple unprepared reaction time test (SURT) showed a significant decrement due to hypoxaemia when compared with controls. This test was therefore found to be very sensitive and is resistant to practice effect, a difficult problem to overcome with the majority of psychometric tests. This would seem a potentially useful test also in the area of assessment of recovery from anaesthesia and comparison with the sensitive four choice reaction time test 16 would seem warranted. Physiological effects were noted as a result of hypoxaemia; namely, a statistically significant fall in PE 'COz and rise in heart rate. The former is the opposite of that likely to be seen in clinical situations of postoperative hypoxaemia induced by morphine, however whilst of statistical significance this small reduction is unlikely to be of physiological significance, 16 the effects noted above are primarily due to hypoxaemia.
It is likely that lack of randomised crossover design in this study may have underestimated the effects of hypoxaemia on cognitive function but at the same time this underlines the usefulness of those tests which have shown positive results. The tests most useful in studies of this type, where a limited number of parallel versions of a test or lack of sufficient time to practise to asymtote, are those which are least susceptible to learning effects. Generally this study shows that these are tests with a minimum motor component. The SURT is thus likely to be very useful in the assessment of recovery from anaesthesia and has already been shown to be sensitive to the effects of sleep deprivation, which are difficult to detect by other means. 15 The effect of hypoxia on the Reitan trail test is also of interest.
There is debate about the contribution of hypocapnia and cerebral vasoconstriction due to an increased hypoxaemic drive to ventilation in causing a decrement in cognitive function. 8 There is also debate about the threshold of hypoxia at which demonstrable impairment could be found. 10 Denison et alii were only able to demonstrate an impairment of learning ability at a simulated altitude of 1,600 metres (PiOz 120 mmHg) but this impairment was not demonstrable after practice at 2600 metres (Pi02 105 mmHg). Crow 1. NOBLE ET AL. and Kelman 10 were unable to demonstrate a significant impairment of memory for an auditory recall test in normal subjects in simulated altitudes up to 4000 metres. Tobrick and Dusek 17 showed an effect on reaction time to objects in the peripheral field at 4000 metres. Arterial oxygenation was not measured directly in these studies.
Longer term deficits of neuropsychological function have been found 9 in a group of mountaineers tested one to thirty days after ascents to extremely high altitudes of 5438 to 8848 metres which have an Sa02 between 65070 and 55070. In the same study, similar but not identical deficits in cognitive function were found in a control group decompressed to a simulated altitude of 8848 m. Further, a correlation between the degree of impairment of cognitive function and hypoxic ventilatory response (expired ventilation as a function of oxygen saturation v/Sp02) was found in subjects from both groups. Thus it was thought that hypocapnia and cerebral vasoconstriction may also contribute to the production of neuropsychological impairment.
The physiological effects due to hypoxaemia, whilst of statistical significance, are not likely to have been of physiological significance in terms of the results obtained. Only minor changes from the normal were seen. The catecholamine response producing a modest tachycardia may have enhanced performance for short tasks, whereas any cerebral vasoconstriction produced due to a fall in PaC02 may have offset this to some degree.
The present study has illustrated some of the traditional problems associated with some of the familiar "paper and pencil" tests, namely significant learning effects which are hard to eradicate largely due to lack of practice material in the tests available (parallel categorical memory test etc) and as in most clinical studies, lack of time, facilities and manpower to practice subjects to asymtote. The SURT is known to be minimally influenced by practice effect, and has been found sensitive to the effects of sleep deprivation which are similarly hard to detect. 15 In this study, the SURT was the only psychomotor function test of a battery of tests which demonstrated adverse cognitive effects due to moderate hypoxaemia in normal subjects and this despite a shorter practice period than recommended (10 minutes). It is suggested that this test will be of sufficient sensitivity for use in further studies in this field.
The clinical implications of these findings are that in normal subjects short-term hypoxaemia to an Sp02 of about 80070 has significant but unimportant effects on some cognitive processes. It is unknown if patients with cerebrovascular disease may be at a greater risk of hypoxaemic brain injury, especially if periods of hypoxaemia are prolonged over many hours 2.) in the postoperative period. However there is no evidence in the high altitude studies that older subjects are more susceptible to the neuro-behavioural effects of hypoxaemia. -.
